We present a model for producing stable broadband coherent synchrotron radiation (CSR) in the terahertz frequency region in an electron storage ring. The model includes distortion of bunch shape from the synchrotron radiation (SR), enhancing higher frequency coherent emission and limits to stable emission due to a microbunching instability excited by the SR. We use this model to optimize the performance of a source for CSR emission.
INTRODUCTION
Coherent synchrotron radiation (CSR) occurs when the synchrotron emission from a bunch of relativistic electrons is in phase. In this regime the radiation intensity is proportional to the square of the number of particles per bunch in contrast to the linear dependence of the conventional incoherent radiation. Considering that the number of particles per bunch is typically very large (> IO6), the potential intensity gain for a CSR source is huge. Although CSR was predicted to occur in high energy storage rings over 50 years ago [l] , it is only recently that steady state CSR has been observed for the fust time in the BESSY-I1 storage ring [2, 31. Coupled with the first successful application of such a source [4], there is the exciting possibility of using this radiation as an innovative and very powerful source in the far infraredherahertz frequency range.
Attractive features of the BESSY-II radiation were a flux increase of about five orders of magnitude over the incoherent synchrotron spectrum, a broadband frequency range from about 3 cm? to 60 cm'l and the stability of the source. However, several curious features of the radiation were also observed. First, the coherent emission spectrum extended to shorter wavelengths than expected from a Gaussian electron bunch of the measured length. Second, a significantly non-Gaussian longitudinal dismbution of the electron bunch was observed. Thud, a threshold current was observed above which the CSR was emitted in chaotic bursts. We have developed a model that accounts for the above-mentioned observations and provides a tool for predicting and optimizing the performance of a ring-based CSR source. This paper presents the elements of the model and describes the design criteria for an optimized stable ring based CSR source. We consider only the case of a bending magnet.
CSR RADIATION AND SR WAKEFIELD
The synchrotron radiation (SR) power spectrum is given by 11, SI: dp -dP [ N + N ( N -l ) 
where 1 is the wavelength of the radiation, p is the single particle emitted power, N is the number of particles per bunch and g is the so-called CSR form factor. This numerical quantity, whose value ranges between 0 and 1, is essentially the square of the Fourier transform of the normalized bunch distribution. In expression ( I ) both the incoherent and coherent terms are included. The first is simply the part proportional to N while the second is proportional to N and to g. In order to have signific,ant CSR emission at the wavelength of interest it must be g(A) > 1/N. For short wavelengths, according to the definition of g, this implies having short bunches. For longer wavelengths g increases and approaches 1 but above the vacuum chamber cutoff wavelength the CSR emission is quickly inhibited. For the particular case of a Gaussian distribution, CSR occurs for 4 < 2% where 4 is the rms bunch length. In the general case, comparing at short wavelengths bunches with same rms length, non Gaussian distributions can present a g factor significantly larger than Gaussian ones. This implies that these 'distorted' bunches can have CSR emission at wavelengths remarkably shorter than in the purely Gaussian case. From the experimental results on references [2] and [3] it can be found that the BESSY-I1 CSR emission belongs to this category. In fact, streak camera measurements indicated bunch lengths -1 mm while CSR was visible down to h -200 p, in disagreement with the condition for Gaussian bunches and indicating the presence of distorted distributions.
Equilibrium longitudinal distributions in electron storage rings are usually Gaussian. The possible phenomena that can generate bunch distortions can be classified in two main categories. Non linear dynamics Proceedings of the 2W3 Particle Accelerator Conference effects and wakefield induced effects. RF and latlice nonlinearities belong to the fust group, while CSR and vacuum chamber wakefields fall in the second one. For most of the storage rings, including BESSY-II, RF nonlinearities are very small and can be neglected. We have simulated the effects of lattice nonlinearities for the case of BESSY-11. The results showed a very small distortion effect that was clearly insuficient to explain the experimental data. In the wakefield category, the SR wakefield, which is always present, is the natural candidate for beginning this analysis and a reasonable approach consists in starting with the simplest model, the free space electron SR wakefield [6,7,8]: where Za = 377 ohms, p is the dipole magnet bending radius, c is the speed of.light, e is the electron charge and c i s the distance from the wake inducing particle in time units. For r<O W ( r ) =0, indicating that in :the SR wakefield case particles in the head of the bunch cannot influence the ones in the tail. The free space assumption can he justified hy the fact that for bunches much shorter than the vacuum chamber height, and an optimized CSR source must be designed to fulfill this requirement, the shielding , .
effects are small. where 4 is the natural bunch length, cRF is the time derivative of the radio frequency (RF) voltage at the synchronous phase and K is a normalization constant. Figure 1 shows, in the example of BESSY-11, the equilibrium longitudinal bunch profile calculated by this model for different currents per bunch. A strong distribution asymmetry (sharper leading edge) increasing with the hunch current and thus with the SR wake is clearly visible. The result demonstrates that the SR wakefield alone is able to produce non-Gaussian bunches that significantly enhance the CSR emission towards shorter wavelengths as shown in Figure 2 
OPTIMIZING A STORAGE RING BASED CSR SOURCE
We want now to design a source exploiting this effect. In the design of such a source one of the fundamental requirements is the stability of the CSR emission. A SR driven single bunch instability has been theoretically predicted [9] , simulated [lo] Example of source optimized for the CSR production using the criteria described in this letter. The potentla1 photon flux gain in the Far-IR THz region of the spectrum is huge if compared with an existing conventional source (ALS).
Such a source would have between 6 and 8 orders of magnitude greater average flux than other available sources in the THz and sub-THz frequency range.
